and Table 1 ). This result or temperature change, have been unclear. We show also indicates that the transient increase is due to calhere that the AFD neuron responds to warming. Calcium changes in the AFD neuron and not to other physiocium concentration in the cell body of AFD neuron is logical changes in the cameleon protein itself or in the increased transiently in response to warming, but not intracellular environment. to absolute temperature or to cooling. The transient
), and its value is similar to that observed signal transduction molecules that are required for the in mechanosensory neurons in the animals stimulated sensation and/or memory of temperature information by gentle touch [10] . In contrast, YC4.12, which has a in the AFD neuron [4] [5] [6] [7] , but its physiological properlower affinity for calcium [8] , gave a smaller transient ties, such as its ability to sense absolute temperature increase than YC2.12 ( Figure 2A and Table 1 ). This result or temperature change, have been unclear. We show also indicates that the transient increase is due to calhere that the AFD neuron responds to warming. Calcium changes in the AFD neuron and not to other physiocium concentration in the cell body of AFD neuron is logical changes in the cameleon protein itself or in the increased transiently in response to warming, but not intracellular environment. to absolute temperature or to cooling. The transient
In the tax-4(p678) null mutant, the transient increase response requires the activity of the TAX-4 cGMPin YC2.12 fluorescence was observed far less frequently gated cation channel, which plays an essential role in and had a smaller magnitude ( Figure 2A and Considering the possibility that the AFD neuron may only respond to artificially rapid warming (such as shown in Figures 1B and 2A) , we also examined AFD response during a slower warming period. When temperature was raised about four times more slowly than in the previous experiments (maximum ramp rate at 0.35ЊC/s), a transient increase was still observed ( Figure 2C ). The transient response began at 37.3 Ϯ 7.0 s (mean Ϯ SD; n ϭ 8) after the start of the warming period, which corresponds to a temperature of 20.6ЊC Ϯ 0.6ЊC. Ramp rate during this period was about 0.08ЊC/s. During C. elegans movement, one "bending" of the animal (one unit of their forward movement in which they flip their head from one side to the other) takes almost 1 s, and its width is ‫1.0ف‬ mm in length. In the typical thermotaxis assay in 9 cm plate, spatial gradient of temperature is roughly estimated as 0.02ЊC/0.1 mm (ϭ25ЊC-17ЊC/4 cm). Therefore, the animals may recognize temperature differences between both sides of their body at a rate of ‫20.0ف‬ЊC/s, which is a similar order to the ramp rate in this experiment. This result suggests that the transient [Ca 2ϩ ] i changes observed in these experiments are not artifactual and reflect responses of the AFD neuron in wildtype animals during thermotaxis. However, it is still ten times larger than the animal's sensitivity threshold to temperature change (0.008ЊC/s) [15] .
In order to determine whether the AFD neuron responds to warming per se or to absolute temperature around 20ЊC, we next raised temperature in a step-like manner. When temperature was raised from 15ЊC to 25ЊC by 2ЊC increments, the AFD neuron of wild-type animals cultivated at 20ЊC responded to every warming above 19ЊC (Figure 3 and Table 2 ). This result indicates that the AFD neuron responds to warming above a threshold temperature but not to absolute temperature. Only one response was observed in the monotonous Table 2 ). This result indicates, for the first time to our knowledge, that the temperature Baseline levels of the ratio before and after warming memory is stored within a thermosensory neuron as a were similar between wild-type and tax-4(p678) backthreshold temperature to thermal stimuli. Although the grounds, suggesting that the baseline levels do not remodulation of threshold occurs within the AFD thermoflect the TAX-4-dependent responses associated with sensory neuron, it is likely that it may require the activity warming ( Figure 2A and Table 1 . The fact that activities of the AFD neuron dependent on ambient temperature although they are related to temperature memthe AFD neuron only responds to warming suggests that X may respond to cooling. ory. In contrast, we monitored acute response of the AFD neuron to thermal stimuli, which appears closely Our data suggest that the properties of the AFD neuron are analogous, at least in part, to the properties of related to the ability of the animals to track isotherms as well as to memorize temperature. the warm fibers in the mammalian peripheral nervous system, which sense innoxious warm temperatures on The AFD neuron responds to warming but not to cooling, at least in our experimental conditions (Figure 2) 
Strain Maintenance and Germline Transformation
The standard procedure for culturing and handling wild-type N2 and the mutant animals was described by Brenner temperature was kept at ‫52ف‬ЊC, and the sample preparation was The average ratio change during step-like warming is shown in each completed within 30 min. For temperature regulation, a Peltierpanel (n ϭ 5). All the animals cultivated at 15ЊC or 20ЊC responded based thermocontroler ThermoPlate MATS-555 (Tokai Hit, Japan) to each warming step above 17ЊC or 19ЊC, respectively. When the was placed on the stage of an upright microscope E600 with air animals were cultivated at 25ЊC, four out of five animals responded 40ϫ objective (Nikon). The sample was then placed on the Thermoabove 21ЊC and one above 19ЊC (Table 2 ). This variety of threshold Plate, kept at the first temperature of the imaging (e.g., at 15ЊC for temperatures may reflect the fact that the animals migrate toward the warming experiments) for 10 min, and then exposed to excitation a preferred temperature less accurately than they track isotherms light using a bandpass filter (435/10), a ND32 filter, and a dichroic at preferred temperature in Caenorhabdits elegans during fast pumping. EMBO Rep. 5, ratio from 11 successive frames was calculated, and the approxi-521-526. mate baseline value of second temperature was subtracted as back-13. Nagai, T., Ibata, K., Park, E.S., Kubota, M., Mikoshiba, K., and ground (Table 1) 
